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Description 
INPUT BUFFER WITH HYSTERESIS OPTION 

Background of Invention 

[0001] This invention relates generally to integrated circuits. 

More specifically, this invention relates to a programmable 
logic device with buffers that may be selectively config- 
ured for Schmitt-triggered or threshold-triggered opera- 
tion. 

[0002] Buffer circuits are one of the building blocks of a digital 
system. A typical integrated circuit has many numbers of 
buffers. Atypical buffer, such as an inverter, noninverting 
buffer, input buffer, or output buffer, detects a level 
change at its input based on a fixed switching threshold. 
For an input signal above this threshold level, the output 
will be at a particular logic level (e.g., logic 0). For an in- 
put signal below this threshold, the output will be at the 
other logic level (e.g., logic 1). 

[0003] Digital systems often operate under noisy conditions. 
Noisy conditions are usually defined as environments 
where there are signals unrelated to the signal of interest. 



In some cases, the noise content can be so large that false 
switching occurs. That is, noise can cause a metastable 
environment in which a digital low signal appears as a 
digital high signal, or vice versa. 

[0004] An approach to eliminating or reducing the effects of 
noise in a digital system is to employ logic that relies 
upon a hysteresis detection scheme, instead of a fixed 
threshold detection scheme. In electronics, hysteresis 
refers to the property of a device to output a "high" value 
at an input voltage is higher than the input voltage at 
which it outputs a "low" value. A Schmitt trigger is an in- 
verter circuit with hysteresis. Schmitt-trigger circuits are 
particularly useful for providing a smooth reliable output 
from a circuit that may have some noise on the input. This 
ability to smooth-out noise is increasingly important for 
integrated circuits, especially as supply voltage levels are 
dropping, which generally decreases input noise margins. 

[0005] Schmitt trigger circuits generally have a progagation delay 
that is greater than a similar sized buffer circuit without 
hysteresis. Therefore, in situations where higher perfor- 
mance (i.e., a faster speed path), it would be advanta- 
geous to use a threshold-triggered buffer over a Schmitt 
trigger circuit. 



[0006] Therefore, it would be highly desirable to improve the 

noise immunity of selected buffers in a programmable 

logic device by utilizing Schmitt-trigger technology, while 

simultaneously exploiting threshold-triggered buffers at 

circuit nodes in programmable logic devices that have 

certain critical timing requirements. 
Summary of Invention 

[0007] The invention provides a high-speed buffer that may used 
at the input of an integrated circuit, such as an input 
buffer. This buffer may be configured for use as a stan- 
dard buffer with a single switching threshold, such as a 
TTL-to-CMOS buffer, or used as a Schmitt trigger with 
hysteresis, which as at least two switching thresholds. The 
integrated circuit may be a programmable logic device 
(PLD) or field programmable gate array (FPCA), but in 
other embodiments, the integrated circuit may be other 
types of devices such a microprocessors, ASICs, or memo- 
ries. 

[0008] As a Schmitt trigger with hysteresis, there will be two 

switching thresholds. One switch threshold is used for a 
low-to-high input signal and another switch threshold is 
used for a high-to-low input. Schmitt trigger operation 
will provide greater noise margins than during standard 



buffer operation. 

[0009] The circuit of the invention provides higher performance, 
reducing a propagation delay of the circuit, because some 
of the same devices used to facilitate Schmitt trigger op- 
eration also are used during switching for the standard 
buffer. This improves the speed of the device. 

[0010] The buffer may have two inversions: a high at the input 
will mean the output will be high, and a low at the input 
will mean the output will be low. However, in other imple- 
mentations, the buffer may have any number of inversions 
more or less than two. For example, the buffer may have a 
single inversion, or may have three, four, five, six, or 
more inversions. There may be an odd number of inver- 
sions, which means a high at the input will mean the out- 
put will be low, and a low at the input will mean the out- 
put will be high. 

[0011] | n a specific embodiment, the invention includes a first 

transistor, connected between a first node and a first sup- 
ply voltage, and the first transistor has a control electrode 
connected to an input node of the circuit. A second tran- 
sistor is connected between a second supply voltage and 
the first node. A third transistor is connected between a 
second node and the first supply voltage, and the third 



transistor has a control electrode connected to the input 
node of the circuit. A fourth transistor is connected be- 
tween the second supply voltage and the second node, 
and has a control electrode connected to the input node 
of the circuit. A fifth transistor is connected between a 
third node and the first supply voltage, and has a control 
electrode connected to the second node. A sixth transistor 
is connected between the second supply voltage and the 
third node, and has a control electrode connected to the 
first node, where the third node is connected to a control 
electrode of the second transistor. A seventh transistor is 
connected between a fourth node and the first node, and 
has a control electrode coupled to the third node. 
[0012] | n an implementation, the transistors are metal oxide 
semiconductor (MOS) transistors, with both NMOS and 
PMOS type transistors. The control electrode would be a 
gate electrode and other electrodes would be the drain 
and the source. 

[0013] | n another embodiment, the invention is a method of op- 
erating a programmable logic integrated circuit including 
providing an input buffer capable of operating as a stan- 
dard buffer in a first mode or a Schmitt trigger in a second 
mode, and configuring a mode bit to control whether the 



input buffer operates in the first mode or the second 
mode. When in the first mode, a transistor will connect a 
supply voltage to a first node of the input buffer depend- 
ing on a input signal to the input buffer. When in the sec- 
ond mode, a transistor will connect the supply voltage to 
the first node of the input buffer depending on the input 
signal to the input buffer and an output signal of the in- 
put buffer. 

[0014] other objects, features, and advantages of the present in- 
vention will become apparent upon consideration of the 
following detailed description and the accompanying 
drawings, in which like reference designations represent 

like features throughout the figures. 
Brief Description of Drawings 

[0015] Figure 1 is diagram of a digital system with a pro- 
grammable logic integrated circuit. 

[0016] Figure 2 is a diagram showing an architecture of a pro- 
grammable logic integrated circuit. 

[0017] Figure 3 is a simplified block diagram of a logic array 
block (LAB). 

[0018] Figure 4 shows an architecture of a programmable logic 

integrated circuit with embedded array blocks (EABs). 
[0019] Figure 5 shows an input buffer circuit with hysteresis op- 



tion. 

Detailed Description 

[0020] Figure 1 shows a block diagram of a digital system, within 
which input and output interfaces consistent with the 
present invention may be embodied. The system may be 
provided on a single board, on multiple boards, or within 
multiple enclosures. Though embodiments of the present 
invention are useful in electronic and integrated circuits in 
general, they are particularly useful in programmable logic 
devices. Figure 1 illustrates a system 101 in which such a 
programmable logic device 121 may be utilized. Pro- 
grammable logic devices or programmable logic inte- 
grated circuits are sometimes referred to as a PALs, PLAs, 
FPLAs, PLDs, CPLDs, EPLDs, EEPLDs, LCAs, or FPGAs and 
are well-known integrated circuits that provide the advan- 
tages of fixed integrated circuits with the flexibility of 
custom integrated circuits. Such devices allow a user to 
electrically program standard, off-the-shelf logic ele- 
ments to meet a user's specific needs. Examples of cur- 
rent programmable logic devices are represented by Al- 
tera's Classic, MAX®, FLEX®, APEX™, and STRATIX™ series 
of PLDs. These are described in, for example, U.S. patent 
numbers 4,617,479, 4,871,930, 5,241,224, 5,258,668, 



5,260,610, 5,260,611, 5,436,575, and the Altera Data 
Book (2003). Programmable logic integrated circuits and 
their operation are well known to those of skill in the art. 

[0021] | n the particular embodiment of figure 1, a processing 
unit 101 is connected to a memory 105 and an I/O 111, 
and incorporates a programmable logic device 121. PLD 
121 may be specially coupled to memory 105 through 
connection 131 and to I/O 111 through connection 135. 
The system may be a programmed digital computer sys- 
tem, digital signal processing system, specialized digital 
switching network, or other processing system. Moreover, 
such systems may be designed for a wide variety of appli- 
cations such as, merely by way of example, telecommuni- 
cations systems, automotive systems, control systems, 
consumer electronics, personal computers, Internet com- 
munications and networking, wireless devices, and others. 

[0022] Processing unit 101 may direct data to an appropriate 
system component for processing or storage, execute a 
program stored in memory 105 or input using I/O 111, or 
other similar function. Processing unit 101 may be a cen- 
tral processing unit (CPU), microprocessor, floating point 
coprocessor, graphics coprocessor, hardware controller, 
microcontroller, programmable logic device programmed 



for use as a controller, network controller, or other pro- 
cessing unit. Furthermore, in many embodiments, there is 
often no need for a CPU. For example, instead of a CPU, 
one or more PLDs 121 may control the logical operations 
of the system. In an embodiment, PLD 121 acts as a re- 
configurable processor, which can be reprogrammed as 
needed to handle a particular computing task. 
[0023] Alternately, programmable logic device 121 may include a 
processor. In some embodiments, processing unit 101 
may even be a computer system. Memory 105 may be a 
random access memory (RAM), read only memory (ROM), 
fixed or flexible disk media, PC Card flash disk memory, 
tape, or any other storage retrieval means, or any combi- 
nation of these storage retrieval means. PLD 121 may 
serve many different purposes within the system in figure 
1. PLD 121 may be a logical building block of processing 
unit 101, supporting its internal and external operations. 
PLD 121 is programmed to implement the logical func- 
tions necessary to carry on its particular role in system 
operation. 

[0024] Figure 2 is a simplified block diagram of an overall inter- 
nal architecture and organization of a PLD. Many details of 
programmable logic architecture, organization, and circuit 



design are not necessary for an understanding of the 
present invention and such details are not shown. 

[0025] Figure 2 shows a six-by-six two-dimensional array of 
thirty-six logic array blocks (LABs) 200. LAB 200 is a 
physically grouped set of logical resources that is config- 
ured or programmed to perform logical functions. The in- 
ternal architecture of a LAB is described in more detail be- 
low. The programmable logic portion may contain any ar- 
bitrary number of LABs. Generally, in the future, as tech- 
nology advances and improves, programmable logic de- 
vices with greater numbers of logic array blocks will un- 
doubtedly be created. Furthermore, LABs 200 need not be 
organized in a square matrix or array; for example, the 
array may be organized in a five-by-seven or a twenty- 
by-seventy matrix of LABs. 

[0026] LAB 200 has inputs and outputs (not shown), some of 

which may be consistent with the present invention, and 
which may or may not be programmably connected to a 
global interconnect structure, comprising an array of 
global horizontal interconnects (CHs) 210 and global ver- 
tical interconnects (GVs) 220. Although shown as single 
lines in figure 2, each GH 210 and GV 220 line may repre- 
sent a plurality of signal conductors. The inputs and out- 



puts of LAB 200 are programmably connectable to an ad- 
jacent GH 210 and an adjacent CV 220. Utilizing GH 210 
and GV 220 interconnects, multiple LABs 200 may be con- 
nected and combined to implement larger, more complex 
logic functions than can be realized using a single LAB 
200. 

[0027] | n one embodiment, GH 210 and GV 220 conductors may 
or may not be programmably connectable at intersections 
225 of these conductors. Moreover, GH 210 and GV 220 
conductors may make multiple connections to other GH 
210 and GV 220 conductors. Various GH 210 and GV 220 
conductors may be programmably connected together to 
create a signal path from a LAB 200 at one location of PLD 
portion 154 to another LAB 200 at another location of PLD 
portion 154. A signal may pass through a plurality of in- 
tersections 225. Furthermore, an output signal from one 
LAB 200 can be directed into the inputs of one or more 
LABs 200. Also, using the global interconnect, signals 
from a LAB 200 can be fed back into the same LAB 200. In 
specific embodiments of the present invention, only se- 
lected GH 210 conductors are programmably connectable 
to a selection of GV 220 conductors. Furthermore, in still 
further embodiments, GH 210 and GV 220 conductors 



may be specifically used for passing signal in a specific 
direction, such as input or output, but not both. 

[0028] | n other embodiments, the programmable logic integrated 
circuit may include special or segmented interconnect that 
is connected to a specific number of LABs and not neces- 
sarily an entire row or column of LABs. For example, the 
segmented interconnect may programmably connect two, 
three, four, five, or more LABs. 

[0029] The programmable logic architecture in figure 2 further 
shows at the peripheries of the chip, input and output or 
I/O circuits 230. Input and output circuits 230 are for in- 
terfacing the PLD to external, off-chip circuitry. Some or 
all of these input and output circuits 230 may be consis- 
tent with embodiments of the present invention.. Figure 2 
shows thirty-two input and output circuits 230; however, 
a programmable logic integrated circuit may contain any 
number of input and output circuits, more or less than the 
number depicted. As discussed above, some of these in- 
put-output or I/O drivers may be shared between the em- 
bedded processor and programmable logic portions. Each 
input and output circuit 230 is configurable for use as an 
input driver, output driver, or bidirectional driver. In other 
embodiments of a programmable logic integrated circuit, 



the input and output circuits may be embedded with the 
integrated circuit core itself. This embedded placement of 
the input and output circuits may be used with flip chip 
packaging and will minimize the parasitics of routing the 
signals to input and output circuits. 

[0030] Figure 3 shows a simplified block diagram of LAB 200 of 
Figure 2. LAB 200 is comprised of a varying number of 
logic elements (LEs) 300, sometimes referred to as "logic 
cells," and a local (or internal) interconnect structure 310. 
LAB 200 has eight LEs 300, but LAB 200 may have any 
number of LEs, more or less than eight. 

[0031] a general overview of LE 300 is presented here, sufficient 
to provide a basic understanding of the present invention. 
LE 300 is the smallest logical building block of a PLD. Sig- 
nals external to the LAB, such as from CHs 210 and GVs 
220, are programmably connected to LE 300 through local 
interconnect structure 310. In one embodiment, LE 300 of 
the present invention incorporates a function generator 
that is configurable to provide a logical function of a 
number of variables, such a four-variable Boolean opera- 
tion. As well as combinatorial functions, LE 300 also pro- 
vides support for sequential and registered functions us- 
ing, for example, D flip-flops. 



[0032] |_e 300 provides combinatorial and registered outputs that 
are connectable to the GHs 210 and GVs 220, outside LAB 
200. Furthermore, the outputs from LE 300 may be inter- 
nally fed back into local interconnect structure 310; 
through local interconnect structure 310, an output from 
one LE 300 may be programmably connected to the inputs 
of other LEs 300, without using the global interconnect 
structure's GHs 210 and GVs 220. Local interconnect 
structure 310 allows short-distance interconnection of 
LEs, without utilizing the limited global resources, GHs 
210 and GVs 220. 

[0033] Figure 4 shows a programmable logic architecture. The 

architecture in Figure 4 further includes (small) embedded 
array blocks (EABs). EABs contain user memory, a flexible 
block of RAM. More discussion of this architecture may be 
found in the Altera Data Book (2003) in the description of 
the FLEX 10K product family and also in U.S. patent num- 
ber 5,550,782. Some or all of the input-output or I/O ele- 
ments may be consistent with embodiments of the 
present invention. The embedded array blocks can be 
configured as FIFOs acting as frequency translators and 
serial to parallel converters for interfacing between high- 
speed input and outputs and the core circuits including 



the logic array blocks. Other architectures such as Altera's 
APEX™and STRATIX™family of products are described in 
detail in the their respective data sheets, available via the 
Internet at www.altera.com. 

[0034] Figure 5 shows a circuit diagram of an input buffer with a 
Schmitt trigger or hysteresis option. This input buffer may 
be used as a standalone input buffer for the integrated 
circuit or as part of an input-output or I/O buffer or cell. 
In a specific implementation, the integrated circuit is a 
programmable logic integrated circuit, but in other imple- 
mentations, the integrated circuit may be another type of 
integrated circuit. The input buffer may operate as regular 
TTL buffer or as a Schmitt trigger. 

[0035] a TTL buffer takes a TTL input signal and translates it into 
logic levels compatible for the internal circuitry of the 
chip. For example, these logic levels may be CMOS logic 
levels; this type of buffer is sometimes referred to as a 
TTL-to-CMOS buffer. The Schmitt trigger or hysteresis is 
an option the user can turn on or off. The input buffer cir- 
cuitry of the invention has a Schmitt trigger option, but 
without impacting the speed of the input buffer signifi- 
cantly. 

[0036] This input buffer is designed so when the Schmitt trigger 



mode is off, the extra devices used in Schmitt trigger 
mode become part of the regular TTL buffer. These extra 
devices drive the output loading. As a result, the perfor- 
mance of this input buffer in main speed mode is not im- 
pacted by the added feature. Furthermore, the required 
layout area of the invention is also reduced by sharing the 
extra devices between input buffer and Schmitt trigger. In 
a specific implementation of this invention, this circuitry is 
used as an input buffer to the integrated circuit, but simi- 
lar circuitry and principles may be applied to internal 
buffers within the integrated circuit, not necessarily at the 
input or pins to the integrated circuit. 
[0037] The figure 5 circuitry is merely an example of one specific 
implementation according to the principles of the inven- 
tion. There may be many alternate implementations, and 
the circuitry may be modified to perform the desired 
function. In figure 5, an input signal is provided at IN 501, 
which is connected to the pin of the integrated circuit. The 
output of the buffer is provides at OUT 505. For this input 
buffer the power supplies are separated into a quiet VCC 
or VCCQ and noisy VCCN. VCCN is typically tied to noisier 
devices, such as the output drivers. VCCQ is tied to qui- 
eter devices or devices were it is important there is not as 



much noise on the supply line. VCCN and VCCQ may be at 
the same voltage potential, but may be at different poten- 
tials. In an embodiment, VCCN and VCCQ are at different 
potentials, where VCCN is at about 3.3 volts and VCCQ is 
at about 1.8 volts. 

JTAGOUT is used for output for testing or JTAG purposes. 
JTAG is an optional feature and the input buffer will be 
functional without it, although may not be fully JTAG 
compliant. IE0 and IE1 are option inputs to control the 
mode the input buffer is operating in. Table A below sum- 
marizes the modes of operation. 



Table A 



IE0 


IE1 


Mode 


0 


0 


Standard Buffer. This means 
the buffer operates as a TTL 
buffer. 


0 


1 


Schmitt Trigger. This means the 
buffer operates as a Schmitt 
trigger, having hysteresis. 


1 


0 


Not Used. 


1 


1 


Not Selected. This means the 
TTL buffer is disabled and the 
output of the buffer is always a 
logic high regardless of the sig- 
nal at the input pin. 



[0040] when NFRZLOGIC is 0, OUT 505 will be a high, regardless 
of the input and states of IE0 and IE1. This effectively dis- 



[0038] 



[0039] 



ables the input buffer. For normal operation, NFRZLOGIC 
will be tied to 1 or VCC, and OUT 505 will be change in 
response to IN 501. This disable feature is optional. In the 
case this feature is not needed, NAND gate XG13 may be 
substituted with an inverter. 
[0041] when IE0 and IE1 are 00 (which will be referred to as 

mode 00), the input buffer will operate as a standard TTL 
buffer. The buffer will transition at a fixed threshold volt- 
age. When IN 501 is high, above the fixed threshold, OUT 
505 will be high. When IN 501 is low, below the fixed 
threshold, OUT 505 will be low. IE0 and IE1 may be imple- 
mented using programmable memory or other bits using 
technologies such as Flash, EEPROM, SRAM, RAM, DRAM, 
fuse, antifuse, and others. Furthermore, the bits may be 
stored using a register, flip-flops, or logic gates. The bits 
may be supplied by user-supplied logic signals, internal 
or external, or other logic signals, and these may be dy- 
namically changed during operation of the integrated cir- 
cuit. 

[0042] For mode 00, NAND gate XG0 will output a high or 1, 
which is input into an inverted level shifter C6460. 
HOTSCKT is typically grounded during user mode. 
HOTSCKT is a signal used for protection purposes. The 



output of the level shifter C6460 will be a 0, which is an 
inversion of its input. This means gates of transistors 
MTIN1, MTNB, and MTIP1 will be grounded. The output of 
NOR gate XGOSCH will be 0, so transistor MTPS1 will be 
on. During mode 00, MTNBS3 will also be on. 

[0043] |_ eve | shifter C6460 is optional and may be not included in 
other embodiments of the invention. When level shifter 
C6460 is not included, the "not selected" mode (i.e., mode 
11) may not be provided or available. The standard buffer 
and Schmitt trigger options will still be available. 

[0044] NOR gate XGOSCH will output a low and node ZZE (i.e., 
gate of transistor MTPS1) will be low and node ZZH (i.e., 
gate of MTNBS3) will be high. Therefore the circuit 
branches with MTPS2 and MTNBS4 will be operational 
during the standard buffer mode, assisting switching 
node 512 when there are transisions at IN 501. 

[0045] when IE0 and IE1 are 01 (which will be referred to as 

mode 01), the input buffer will operate as a Schmitt trig- 
ger, where there will be hysteresis. When OUT 505 is low, 
a gate of transistor MTPS1 will be low, turning it on. The 
circuit branch with transistors MTPS2 and MTPS1 is en- 
abled to provide hysteresis. A gate of transistor MTNBS3 
will be low, turning it off. The circuit branch with transis- 



tors MTNBS4 and MTNBS3 will be disabled. 

[0046] Alternatively, when OUT 505 is high, a high will be at the 
gate of transistor MTPS1, turning it off. The circuit branch 
with transistors MTPS1 and MTPS2 will be disabled. A gate 
of transistor MTNBS3 will be high, turning it on. The cir- 
cuit branch with transistors MTPS2 and MTPS1 will be en- 
abled, providing hysteresis. 

[0047] The implementation in figure 5 uses CMOS technology, 
with NMOS and PMOS transistors. In an implementation, 
the devices used to implement inverter XG1C and transis- 
tors MTIN2, MTNI, MTNB, and MTNHS2 may be thick oxide 
devices. Thick oxide devices are devices with thicker gate 
oxide than a standard device or transistor. In other imple- 
mentations, other technologies may be used individual or 
in combination such as bipolar (i.e., npn and pnp transis- 
tors), JFET, gallium arsenide, silicon over insulator, and 
others. 

[0048] when IE0 and IE1 are 11, OUT 505 will be a high. Because 
the output of level shifter C6460 is high, MTIN1 and 
MTNHS2 will be on. 

[0049] | n operation, the circuit of the invention provides a high- 
speed buffer that may used at the input of an integrated 
circuit. In an embodiment, the integrated circuit is a pro- 



grammable logic device, but in other embodiments, the 
integrated circuit may be other types of devices such a 
microprocessors, ASICs, or memories. The buffer may op- 
erate as a standard buffer with a single switch threshold 
or as a Schmitt trigger with hysteresis, having two switch- 
ing thresholds. One switch threshold is used for a low- 
to-high input signal and another switch threshold is used 
for a high-to-low input. Schmitt trigger operation will 
provide greater noise margins than during standard buffer 
operation. 

[0050] The same devices used to facilitate Schmitt trigger opera- 
tion also are used during switching for the standard 
buffer. This improves the speed of the device. Specifically 
devices MTPS2 and MTNBS4 are used during both the 
standard buffer and Schmitt trigger modes. This speeds 
up the buffer. MTPS2 and MTNBS4 add loading to node 
512. If these devices were used only during Schmitt trig- 
ger operation, the loading of MTPS2 and MTNBS4 would 
slow down the standard buffer operation compared to 
standard buffer operation when these devices are not 
present all. However, in the present invention, devices 
MTPS2 and MTNBS4 assist with switching in both standard 
buffer and Schmitt trigger mode to improve the transient 



performance (i.e., reduce propagation delay) of the buffer. 

[0051] | n the buffer of figure 5, there are two inversions: a high 
at the input will mean the output will be high, and a low at 
the input will mean the output will be low. However, in 
other implementations, the buffer may have any number 
of inversions more or less than two. For example, the 
buffer may have a single inversion, or may have three, 
four, five, six, or more inversions. There may be an odd 
number of inversions, which means a high at the input will 
mean the output will be low, and a low at the input will 
mean the output will be high. 

[0052] This description of the invention has been presented for 
the purposes of illustration and description. It is not in- 
tended to be exhaustive or to limit the invention to the 
precise form described, and many modifications and vari- 
ations are possible in light of the teaching above. The em- 
bodiments were chosen and described in order to best 
explain the principles of the invention and its practical 
applications. This description will enable others skilled in 
the art to best utilize and practice the invention in various 
embodiments and with various modifications as are suited 
to a particular use. The scope of the invention is defined 
by the following claims. 



